Neonatal erythroderma is rare, but significant as it may be the initial manifestation of an array of infectious, metabolic, and genetic conditions, some of which are life-threatening. Initial management should focus on identifying and treating life threatening etiololgies and complications, including infection, and fluid, electrolyte, and temperature disturbances. Often, the etiology of erythroderma is difficult to quickly identify in the neonate, as there is significant clinical overlap between causative entities. Furthermore, rapid definitive diagnostic tests are lacking. Herein we provide a review of the specific clinical features and diagnostic tests, which can aid in making a correct diagnosis. Skin care for the erythrodermic infant is also discussed. We encourage subspecialist consultation when appropriate to aid in the evaluation, especially when initial testing is nondiagnostic.
Introduction
Erythroderma, defined as skin redness involving >90% of the body surface area, is a rare phenotype in neonates. When present, it requires an immediate evaluation for the underlying pathology. Neonatal erythroderma may be a feature of a wide range of conditions (Table 1) . Inflammatory disorders and disorders of cornification are the most common etiologies based on data from the two largest case reviews. 1,2 A smaller series, however, reports infection as the leading cause. 3 Inherited disorders of metabolism and immunodeficiency are rarer etiologies, but important to recognize early to prevent harmful sequelae.
The mortality rate of the erythrodermic infant is significant, estimated at 16%-26%, but varies widely based on the underlying diagnosis. 1, 2 It is therefore essential to diagnose the cause rapidly, ensuring optimal treatment. Diagnosis, however, is challenging. Clinical features often overlap, and definitive, expedient laboratory testing is lacking. The average time to diagnosis is reported to be 3-11 months with up to 10% of patients without a confirmed diagnosis at 3-5 years. 1, 2 Often, the sentinel features of erythrodermic disorders do not manifest until later in childhood, and there may be considerable overlap of clinical features in the neonate. Pruritus, a hallmark of atopic dermatitis, may be absent in affected infants. 4 Alopecia which is suggestive of ectodermal dysplasias and syndromic ichthyoses, is also present in up to half of erythrodermic infants with atopic dermatitis. 1 Nail plate changes are seen in erythrodermic infants with both ichthyosiform and inflammatory skin conditions. 2 Poor weight gain or failure to thrive, classically associated with immunodeficiency syndromes, has also been described in infants with psoriasis and ichthyoses. 1 Diarrhea, which is a symptom of primary immunodeficiency disorders, may also be difficult to assess in a newborn.
The value of laboratory testing in the erythrodermic infant is variable. Skin biopsy, while generally recommended in the initial evaluation, was diagnostic in only 41%-45% of cases in two case series. 1, 2 In a retrospective series, three dermatopathologists were able to correctly identify the diagnosis in 69% of the 72 cases of infantile erythroderma. 5 The utility of skin biopsy likely varies based on the underlying diagnosis and the skill of the pathologist.
Immunologic studies may also be difficult to interpret in infants. Immunoglobulin G levels are not reliable until at least 6 months of age, prior to which time they reflect maternal values. 6 Peripheral eosinophilia (>0.5×10/L) is noted in infants with inflammatory and ichthyosiform conditions, as well as those with severe combined immunodeficiency syndrome (SCID), and staphylococcal scalded skin syndrome (SSSS). Similarly, total Immunoglobulin E (IgE) level and eosinophil count, considered markers of atopic disease, are not specific for this condition, and levels do not correlate with the degree of erythroderma. 1 Genetic testing is very sensitive and specific and is recommended to confirm the diagnosis of ichthyoses or immunodeficiency disorders. Results, however, may take weeks to months to return, and are therefore unlikely to aid in immediate management.
Despite the many challenges to diagnosis, several clinical factors are valuable in establishing the etiology of infantile erythroderma. The timing of onset is perhaps the most important feature, as erythroderma present at birth has fewer potential causes than later presentation. Likewise, the presence of a collodion membrane focuses the diagnostic investigation toward disorders of cornification. The finding of severe dehydration, while less specific, also limits the differential diagnosis. Blistering may be seen in a variety of rarer entities, but is usually caused by SSSS. Family history should be obtained in all cases, and while nondiagnostic (not specific), may indicate underlying risk factors for genetic diseases, atopy, or psoriasis.
The initial focus of the primary pediatrician or neonatologist should include evaluation for infectious triggers and management of other life-threatening complications including dehydration, electrolyte disturbances, and temperature dysregulation. Tertiary care center referral is usually indicated. Herein we discuss the most common causes of infantile erythroderma and their associated clinical features. We caution that rarer etiologies, especially the disorders of metabolism, are not within the scope of this review, but should be considered when the initial workup is unrevealing. As the full complement of potential laboratory testing is extensive, erythrodermic neonates are at risk of iatrogenic anemia. Subspecialty consultation is, therefore, suggested not only to assist in diagnosis but also to aid in careful selection of laboratory testing.
Erythroderma with congenital onset
Most erythrodermic infants present prior to 4 months of age, at an average of 7-9 weeks of life. 1 Erythroderma at birth, known as congenital erythroderma, is less common, but is strongly suggestive of ichthyosis, Netherton syndrome, or immunodeficiency syndromes. In the two largest case series of erythrodermic infants, a combined total of 93 patients were described. Twenty-nine (31%) infants were erythrodermic at birth. 1, 2 Twenty-seven (93%) of these were later diagnosed with ichthyosis or Netherton syndrome, and two with primary immunodeficiency syndromes. Both the nonsyndromic and syndromic ichthyoses can manifest with neonatal erythroderma. Nonsyndromic ichthyoses are isolated to the skin, while syndromic forms have multiorgan involvement. 7 Congenital ichthyosiform erythroderma (CIE) is an autosomal recessive nonsyndromic ichthyosis that is most often associated with congenital erythroderma. Affected infants are often born with a collodion membrane, which is shed to reveal diffuse fine scale in a background of erythema. Skin may be thickened over the flexural surfaces. 8 The CIE phenotype may also be seen in X-linked ichthyosis and in rare syndromic ichthyoses including Sjogren-Larsson syndrome, trichothiodystrophy, neutral lipid storage disease, and rarely metabolic syndromes ( Figure 1 ). 6, 9, 10 More severe ichthyosis variants including harlequin ichthyosis and lamellar ichthyosis initially present with collodion membrane and diffuse erythema, but additional features of large plate-like scale and eversion of the eyelids and lips, referred to as ectropion and eclabion, respectively, are suggestive of the underlying diagnosis.
Genetic testing is available for syndromic and nonsyndromic ichthyoses. Multiple genetic mutations, including TGM-1, ALOX12B, ALOXE3, and ABCA12, have been implicated in the nonsyndromic ichthyoses. 10 Gene panels are available commercially for testing, and many institutions perform their own genetic testing.
Congenital onset erythroderma with severe dehydration
Hypovolemic hypernatremia is the most common electrolyte disturbance seen in the erythrodermic neonate, but is usually mild and tends not to recur after initial treatment.
In the setting of congenital erythroderma with severe dehydration Netherton syndrome or immunodeficiency disorders should be suspected. Infectious triggers, such as SSSS, must also be considered, but congenital onset is rare.
Netherton syndrome results from a mutation in the SPINK5 (serine protease inhibitor Kazal type 5) gene encoding the serine protease inhibitor lympho-epithelial Kazal-type-related inhibitor, which is expressed in epithelial tissue. 11 Netherton patients often have failure to thrive with hypovolemic hypernatremia during the newborn period. 1, 2 Initially, the skin may be diffusely red and scaly ( Figure 2 ). Hair is sparse, and examination of the hair shaft, especially the eyebrows, may reveal trichorrhexis invaginata or a ball-in-socket morphology. 12 This characteristic hair change, however, may not be present until after 10 months of age. 1 Skin may later develop a unique double-edged scale with a serpiginous border, referred to as ichthyosis linearis circumflexa. Growth restriction and frequent skin infections are common. 13 Case series report increased atopic tendencies including increased IgE levels, environmental and food allergies, and itch. 13, 14 Immune deficiencies with abnormal immunoglobulins, increased IgE levels, or abnormal lymphocyte parameters have been reported, but are not consistent in all patients. 10, 15 Skin biopsy with immunohistochemical staining for lympho-epithelial Kazal-type-related inhibitor is helpful in making the diagnosis. 5, 16 Immunodeficiency disorders are also associated with congenital erythroderma and dehydration, and therefore carry a high risk of mortality. 1, 17 Affected infants develop diarrhea with failure to thrive and recurrent opportunistic viral, bacterial, or fungal infections. Pneumonia is especially common. SCID is a group of disorders that may be inherited in an autosomal recessive or X-linked recessive pattern. Multiple causative mutations have been identified and vary based on inheritance patterns. Patients have a deficiency in T lymphocytes with variable involvement of B lymphocytes and natural killer cells. Most affected infants do not have symptoms immediately at birth, but develop typical findings by 3-6 months of age. 18 Infants with Omenn syndrome, a severe variant of SCID, will additionally show hepatosplenomegaly, lymphadenopathy, leukocytosis, and eosinophilia. 19 Immunologic studies demonstrate increased numbers of oligoclonal T cells, decreased B cells and immunoglobulins, and elevated IgE level. 18 Mutations in the recombination activating genes 1 and 2 (RAG1 and 2) are the most common cause. 19, 20 T-cell immunodeficiency syndromes like SCID and Omenn can be further complicated by neonatal graft-versushost disease (GvHD) from maternal engraftment. 21, 22 A morbilliform eruption, which progresses to erythroderma, is characteristic, and skin biopsy shows features of GvHD. While maternal-fetal GvHD has been reported in immunocompetent infants due to intrauterine or postnatal exchange transfusion, this medical history should be apparent. In an infant without history of transfusion, the presence of GvHD should prompt investigation for T-cell immunodeficiencies. 23 Infectious etiologies are rarer causes of congenital erythroderma. The history may be more likely to reflect erythroderma that developed within the first hours/days of life, but was not truly present at birth. Congenital cutaneous candidiasis arises from intrauterine exposure, often candidal chorioamnionitis. The rash is maculopapular with scattered pustules, and rarely vesicles. Lesions develop within the first 6 days of life, spreading from the trunk to acral sites, including the palms and soles. 24 Mucous membrane involvement or thrush is uncommon. Premature infants are at increased risk for systemic infections with candida in the blood, urine, or cerebrospinal fluid, often triggering leukocytosis and respiratory distress. A severe burn-like erythema has been described in this group and is associated with a worse prognosis. In one series, the mortality rate for cutaneous candidiasis was 40% in infants <1000 g, which improved to 8% in infants >1000 g. 25 A KOH scraping or yeast culture from the skin is helpful in establishing the diagnosis.
Herpes simplex virus infection is a rare cause of congenital erythroderma. In most cases, vesicles or erosions are localized, but in the intrauterine variant, infants may present with erythroderma and crusted erosions, sometimes without vesicles. 6, 26, 27 Viral cultures, polymerase chain reaction, direct fluorescent antigen testing, or Tzanck smear will confirm the diagnosis. Central nervous system involvement is often present in widespread disease. 6 While the differential diagnosis for congenital onset erythroderma, includes SSSS, erythrodermic congenital psoriasis, and diffuse cutaneous mastocytosis, all are exceptionally rare with only case reports described in the literature. 12, 15, [28] [29] [30] Further discussion is provided below.
Noncongenital onset erythroderma
Atopic dermatitis and seborrheic dermatitis are the most common causes of noncongenital erythroderma. 1, 2, 5 Onset is typically at 6-8 weeks of life. 1, 10 When widespread, the two conditions may be difficult to distinguish. The predilection for scalp and skin fold areas favors a diagnosis of seborrheic dermatitis, while sparing of the diaper area is more consistent with atopic dermatitis. 5 The presence of a family history of atopy increases the likelihood of atopic dermatitis. 2 Psoriasis may also first present in early infancy. The scalp and diaper area may be favored ( Figure 3 ) as in seborrheic dermatitis, but periumbilical involvement is specific for psoriasis. 5 Congenital psoriasis is uncommon with only nine case reports in the literature. 31 In a series of patients with infantile psoriasis, 7/9 developed lesions at age 2-9 months with the other 2 infants developing lesions in the first week of life. 32 Plaque psoriasis is the most typical infantile variant, with rare cases of erythroderma or pustular lesions. 28, [30] [31] [32] A positive family history of psoriasis was noted in 89% of patients with infantile psoriasis. 32 The clinical appearance of erythrodermic psoriasis mimics CIE, and a biopsy may help to distinguish these entities. Skin biopsy may not be useful initially in differentiating erythrodermic psoriasis from dermatitis, but should eventually reveal the characteristic histologic findings. 5 
Collodion membrane
A collodion membrane is a tight, glossy encasement produced in utero by abnormal epidermal desquamation (Figure 4 ). It must be distinguished from a thick hyperkeratotic vernix, which may sometimes be noted in erythrodermic infants. The collodion is shed within the first 3 weeks of life to reveal the underlying skin phenotype. Associated diagnoses include autosomal recessive forms of ichthyosis, and rarely Netherton syndrome, trichothiodystrophy, Conradi-Hunermann, Gaucher disease type II, Sjogren-Larsson, and neutral lipid storage disease. 9, 33 When congenital erythroderma is seen in conjunction with a collodion, it is a very helpful clue to an ichthyosis diagnosis. Skin biopsy is usually not diagnostic in ichthyosiform conditions unless Netherton syndrome is suspected. A hearing screen and eye examination are recommended to evaluate for signs of keratitis-ichthyosis-deafness syndrome, although patients with ichthyoses often have abnormal hearing screens due to keratotic debris in the auditory canals. Fatty alcohol dehydrogenase activity level is used to screen for Sjogren-Larsson disease, which is associated with mental retardation and spasticity. 34 A microscopic hair shaft examination under polarized light reveals characteristic light and dark banding in trichothiodystrophy. In neutral lipid storage disease, a peripheral blood smear detects lipids in granulocytes and monocytes. 10 
Blistering
Neonatal erythroderma with blistering represents SSSS until proven otherwise. Rare cases of in utero SSSS have been described, producing congenital erythroderma and erosions. 35 More commonly, onset is later, after maternal antibodies diminish, and is associated with widespread erythema and fever. The skin desquamates superficially, with most prominent involvement in skin folds. Nikolsky sign is positive. Skin detachment is caused by hematogenous spread of exfoliative toxins A or B, proteases that cleave the epidermis at the level of the stratum corneum. Blister fluid is sterile, but cultures of the nares, conjunctivae, umbilicus, or perirectal area often grow Staphylococcus aureus. Infants have a more severe course compared to toddlers due to high rates of sepsis, dehydration, and associated electrolyte abnormalities. 35 It is uncertain as to why neonates are more susceptible to SSSS, but differences in barrier function between adult and infant skin, in addition to lower renal clearance of exfoliative toxins in infants have been suggested factors. 36 Early hospital admission for antibiotics, fluid management, and skin cares is critical to decrease mortality.
Rarely, congenital syphilis produces diffuse erythema and bullae. The infection, contracted late in pregnancy or during delivery, can produce erosions, acral bullae, and dermatitis beginning at 6-8 weeks of age. Condyloma lata may be noted on mucous membranes. Low birth weight, hepatosplenomegaly, and anemia are other associated features. 5, 37 Serologies in mother and infant confirm the diagnosis.
Epidermolytic ichthyosis, previously referred to as bullous congenital ichthyosis or epidermolytic hyperkeratosis, may cause widespread blistering and erythema, which evolves to reveal scaling and hyperkeratotic plaques. 10 Skin biopsy demonstrates the characteristic epidermolysis. Epidermolytic ichthyosis is usually inherited in an autosomaldominant pattern as the result of a keratin 1 or 10 mutation. 10 Diffuse cutaneous mastocytosis is a rare cause of neonatal erythroderma. Mast cell infiltrate the epidermis, giving it a "doughy" appearance. Unlike the other causes for neonatal erythroderma, scaling is not present. Infants are prone to urticaria, flushing, and diarrhea, and may develop bullae at sites of skin friction. Rubbing of the skin also produces raised wheals, known as Darier's sign. Skin biopsy is diagnostic, revealing many mast cells in the skin. Management is aimed at mast cell stabilization with antihistamines. Mast cell degranulators including culprit medications and foods should be avoided, and the family should be counseled on the signs of anaphylaxis. Evaluation for systemic involvement includes a blood count, liver function tests, and bone scan. 15 Bone marrow biopsy is not recommended unless there is persistence or worsening disease. 38 Even in severe cases, systemic involvement is unusual. Bullae rarely persist past 1-3 years of age with resolution of all skin changes by puberty in 90% of patients. 39 
Metabolic and nutritional causes
Acrodermatitis enteropathica is a cutaneous manifestation of zinc deficiency in the neonate. It can be inherited due to a deficient zinc transporter in the intestine, or can be acquired. Low concentrations of zinc in breast milk or increased zinc requirements and low zinc stores, mainly in premature infants, are all potential causes. The source of the deficiency dictates the timing of onset. A scaling dermatitic eruption begins in the perioral and genital areas then spreads to produce erythroderma and erosions. If untreated, alopecia and diarrhea follow. Serum zinc levels should be assessed, but may not reliably detect a deficiency. Skin biopsy will show nonspecific features common to disorders of nutritional deficiency. Zinc supplementation corrects the symptoms within days to weeks. 40 Holocarboxylase synthetase deficiency (HCSD) and biotinidase deficiency are uncommon causes of neonatal erythroderma. HCSD presents within the first week of life with ketoacidosis and coma. Biotinidase deficiency does not present until an average of 3 months of age, and is associated with lethargy and peeling scale similar to that seen in acrodermatitis enteropathica. 15 Testing for blood and urine amino and organic acids is needed to confirm the diagnosis. 10 Essential fatty acid deficiency is a reported etiology for neonatal erythroderma. It is typically triggered by gastrointestinal malabsorption, sometimes the result of cystic fibrosis. 15 
Leiner's disease
Leiner's disease is an eponym used historically to describe infants with erythroderma, diarrhea, and failure to thrive. 41 Authors speculate as to the condition which afflicted Leiner's initial series of patients, but biotin deficiency, Netherton syndrome, and immunodeficiency syndromes have all been suggested. 42 As the term is nonspecific, it is no longer considered an adequate diagnosis, but may still be encountered in the literature. 15, 41, 42 Family history When the cause of erythroderma is uncertain, family history and, occasionally, parental examination may point toward the diagnosis. Parental consanguinity raises concern for autosomal recessive forms of ichthyosis, disorders of metabolism, and immunodeficiency syndromes. A family history of atopic tendencies or psoriasis increases the likelihood of these conditions in the infant. In one case series, a family history of erythroderma was noted in more than half of the infant ultimately diagnosed with ichthyosis, but it is unclear if these family members were similarly affected. 2 
Initial evaluation and management
There are no consensus guidelines for the evaluation and diagnosis of the erythrodermic infant. Suggestions are based on the authors' clinical experience and other published recommendations on the topic. In Figure 5 , we provide an algorithm to aid in diagnosis based on clinical features. We caution that while the most common etiologies are highlighted, additional rare causes of neonatal erythroderma are not included. Initial diagnostic workup is included in Table 2 .
Baseline laboratory studies should be collected immediately upon presentation and include a complete blood count, comprehensive metabolic panel, and blood cultures. Bacterial and viral swabs collected from lesional skin and orifices help to identify infectious etiologies. Photographs obtained throughout the initial course can be very useful to consulting teams, especially if the infant is born in a community hospital and later transferred to a tertiary care center. Skin biopsies should be collected at the time of presentation, which are most informative when read by a dermatopathologist who is accustomed to diagnosing pediatric skin disease. If not available within the institution, specimens may be sent to outside laboratories for expert review. Additional tissue should be collected for bacterial and fungal culture. Imaging studies rarely aid in the diagnosis of the erythrodermic infant. Plain films of the chest, however, may detect a missing thymic shadow in the case of T-cell immunodeficiency syndromes. If an immunodeficiency or metabolic syndrome is suspected, the assistance of the appropriate subspecialist is of great value in both identifying the proper testing and interpreting the results. Testing for disorders of metabolism and zinc deficiency may be included as part of the initial laboratory series if neurological symptoms or appropriate lesion morphology is present. Management strategies for the erythrodermic infant are contingent on the primary etiology.
General measures
In all cases, life-threatening diagnoses and complications including dehydration, electrolyte imbalances, hyperthermia, and infection must be quickly identified and treated. Most erythrodermic infants receive an initial sepsis evaluation and empiric treatment with antimicrobial medications. Erythrodermic infants have high metabolic demands with failure to thrive noted in 69% of patients in one series. 1 Increased transepidermal water is a source of energy expenditure, as it is accompanied by loss of heat. 43, 44 Proteins are also lost through the dysfunctional skin barrier. The early involvement of nutritional services is suggested to allow for adequate supplementation of protein and calories. Incubators decrease the loss of both heat and water from the skin, but the infant's temperature must be monitored closely to prevent hyperthermia caused by hypohidrosis. 43 Recom- 
Specific measures
Most infants with exfoliative erythroderma benefit from frequent bathing followed by application of thick, bland emollients, such as petrolatum, to prevent excessive transepidermal water loss. A Cochrane review found that the application of topical ointment in preterm infants increased the risk of coagulase-negative staphylococcal and nosocomial infections, but data and methodology from the compiled studies was variable. 46 In collodion infants, xerosis increases skin fissuring, further worsening barrier function.
Precautions
The use of sterile petrolatum decreased the risk of infection in collodion infants in one study. 43, 45 Multi-use containers of topical agents may become contaminated with microorganisms leading to cutaneous or systemic infections, and should be avoided when possible. 47 Nursing staff should not use wooden tongue depressors to apply topical agents, as these have been associated with invasive fungal infections in preterm infants. 48 
Contraindications
Topical calcineurin inhibitors and creams containing urea, silver sulfadiazine, and salicylic acid should not be applied mendations vary in regard to incubator humidification, but typically a humidity of at least 60% is suggested. 43, 45 When an inflammatory etiology is suspected, twice-daily application of topical low-to-mid potency corticosteroids in an ointment base is suggested, and may be both diagnostic and therapeutic.
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to erythrodermic infants due to risk of systemic absorption and toxicity. [49] [50] [51] [52] 
Conclusion
Neonatal erythroderma, while rare, represents a heterogeneous collection of infectious, immunologic, inflammatory, ichthyosiform, and metabolic disorders. Sequelae may include neurologic compromise and death if the cause is not appropriately diagnosed and treated. As the underlying etiology is often difficult to determine promptly, immediate management should focus on identifying potential infections and treating life-threatening complications. Subspecialty consultation and tertiary care referral is indicated in most cases.
